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SOME CHARACTERISTICS OF METABOLISM AND CONDITIONED REFLEX ACTIVITY
OF ANIMALS DURING PROLONGED STAY IN A HELIUM-OXYGEN MEDIUM

G. V. Troshikhin

Experiments were conducted with S$557, sexually-mature
mice in air-tight chambers with controlled temperature and
controlled helium-oxygen content (21 and 79%, resp.). When
the temperature was 21-23°, the metabolism of the mice in
the helium-oxygen atmosphere increased by 50% above the ini-
tial level during the first three days. The Oj-consumption

decreased later but was always 10-15% above the controls (air
atmosphere). Body temperature was decreased by 0.5-1.0° in
the experimental animals. Both Oz—consumption and body tem-

perature normalized when the animals were changed to the plain
air atmosphere. Conditioned reflexes set in much more slowly
in the experimental animals (as tested by the formation of

a defensive conditioned reflex to white light). The mechan-~
isms postulated are based on the heat conductivity of helium
being 6 times that of nitrogen.

Study of the changes of the physioclogical reactions of man and animals 1480%*
during a stay in a helium-oxygen medium, in addition to being of practical im-
portance for space medicine and divers, is of considerable theoretical interest
in connection with the biological significance of the nitrogen of the air [4].

A number of authors have demonstrated the possibility of a prolonged life
of man and animals when inhaling helium-oxygen mixtures [2, 6]. However, in
these investigations no study has been made of the influence of helium on meta-
bolic processes and the functions of the central nervous system. The purpose
of this study is to fill this gap to some extent.

Method. The work was carried out using 80 sexually mature mice of the
S$857 strain. The experiments were carried out in two air-tight chambers sup~
plied with a closed air-regeneration system. The oxygen, as it was used by the
animals, was.fed automatically through a gas counter. One of the chambers was
filled with a helium-oxygen mixture (21% oxygen and 792 helium); the other, in
which the control group of animals was placed, was filled with air. The tem-
perature in the chamber with the helium-oxygen mixture could be increased using
a thermostat. An equal number of mice was placed in each chamber. Control de-/1481
terminations of the gas composition in the chambers were made twice each day
" using a Holden apparatus (for oxygen and carbon dioxide} and 2 CEUK-21 appara-
tus which we modified (for an admixture of nitrogen to helium). The oxygen con-
tent in the experiments fluctuated in the range 18-22%Z, the carbon dioxide
fluctuated 0.1~0.7% and the admixture of nitrogen to the helium-oxygen mixture

*/Numbers in the margin indicate pagination of the original foreign text.
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was 2.5-5.0%.

1600 to 0900 hours) was determined daily for the animals on the basis of the gas
An electrothermometer was used for measuring the rectal
temperature of 10 mice in each group within the chamber without changing the gas

counter readings.

composition.

“(a) wmifvac

The total consumption of oxygen in 17 hours (in the period from

In addition, during the entire experiment the dynamics of forma-
tion of defensive conditioned reflexes of mice to white light (in 10 combina-
tions daily) were studied within the chamber using a modified Aleksandrov-

Tsibina apparatus [1].
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Figure 1.

Initial; d

Results.
atmosphere when the air temperature was 21~23° the metabolism increases appre-

ciably during the first three days (by 50% above the initial level).
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Dynamics of Oxygen Consumption by Mice During Their Stay
in a Helium-Oxygen Medium. A = at Identical Temperature of "Air"

and "Helium'" Media; B = with Increased Temperature of "Helium'" Medium.
1 = Control; 2 = Experiment. Legend: a = ml/Hour; b = Air;

= Day.

C=

These experiments revealed that in the mice in the helium-oxygen

Later the

oxygen consumption decreases, but during the course of the entire exposure is

above the level of metabolism of the control group by 10-15%.

After replace-

ment of the helium-oxygen medium by an air medium during the first two days the

oxygen consumption is maintained at a high level and then is normalized (Figure

1A). The body temperature in the experimental animals in comparison with the
control animals was decreased by 0.5-1.0° during the entire exposure in the

helium-oxygen medium.
leveling out of the body temperature to its initial level (Table 1,

During their stay in the helium-oxygen medium,
vealed a lag in
the conditioned
19th day of the
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aay (v =
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the development of the
reflexes in the helium
experiment (19 * 2.5),
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After a changeover to the breathing of air there was a

series A).

the experimental animals re-
conditioned reflexes. The setting in of

group occurred on the average on the

and in the control group -
i ti

on the 8th

Thus, in these experiments it was found that there was an appreciable in-
fluence of helium on metabolic prccesses and the conditioned reflex activity

of mice.
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There are few data in the literature on the possible mechanisms of the
influence of helium on the body. Information is given on an intensification of
the toxic effect of oxygen in the presence of helium in [5]. Some authors feel
that helium can exert a possible direct stimulation of the metabolic processes
at the cell level [9]. Another point of view also exists: that in biological
respects helium is more neutral than nitrogen. Taking into account the high
heat conductivity of helium, which is 6 times greater than the heat conductivity
of nitrogen [6, 8], it can be postulated that intensification of metabolic pro-
cesses in animals in a helium-oxygen medium at an ordinary temperature was ac-
counted for by their cooling. Many investigators have noted a shift of the com-
fort zone for man and animals by 2-4° in the direction of an increase in a hel-
ium-oxygen atmosphere [2, 3, 6]. -

With these factors taken into account, in another series of experiments we
increased the temperature of the medium filled with the helium-oxygen mixture
by 3-4° in comparison with the "air' medium (21-23 and 24-26°). It was found
that in this variant of the experiments, the oxygen consumption in the experi-
mental and control groups of mice was almost identical (Figure 1B), although
the rectal temperature of the experimental animals was somewhat low in compari-
son with the control group (Table 1, series B). There also was no difference
in the conditioned reflex activity. 1In the mice of both groups. the conditioned
reflexes were formed at almost the same time (experimental group 9 * 0.8; con-
trol group 8 * 1.3; difference unreliable).

The results give basis for assuming that an increase of the level of oxy-
gen consumption, decrease of body temperature and increase of the time of
formation of the conditioned reflexes in mice in a helium-oxygen medium for the
most part caused a considerable heat loss and a cooling of the animals as a re-
sult of the great difference in the heat conductivity of helijum-and nitrogen.
The retention of an increased metabolism in mice for two days after replacement
of the helium-~oxygen medium by an air medium apparently can be attributed to
some inertia of the processes of functional change of metabolism caused by the
prolonged cooling effect of helium.

Institute of Physiology. imeni I. P. Pavlov, Article submitted
Academy of Sciences USSR 17 January 1966
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